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ELECTRIC TEST OF THE 
INTERCONNECTION OF ELECTRIC 
CONDUCTORS ON A SUBSTRATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for electrically 
testing conductors. 

It particularly, but not exclusively, applies to the electric 
test of substrates, such as semi-conductor chips or integrated 
circuits, and printed circuits. 

2. Description of the Related Art 
Current test machines measure the continuity of tracks 

and their insulation. For that purpose, they use tools With 
Which it is possible to take or extract electrons from con 
ductors. Among these tools, there is What is called “nail 
boards” that are speci?c to each type of circuit. It transpires 
that With the reduction in the dimensions of electronic 
components and the considerable increase in the density of 
printed circuit tracks, these tools are becoming more and 
more complex to produce, and therefore very expensive and 
less reliable. In addition, their manufacturing lead-time 
(from one to several days) is increasing, Which is contrary to 
the greater manufacturing ?exibility required by neW gen 
erations of printed circuits (the shortening of production 
cycles imposes a heavy restriction on the manufacturing of 
these nail boards). 

To take or extract electrons from conductors, there are 
also devices that use a high-energy source of coherent light, 
Which, by photoelectric effect, leads to the rise in the voltage 
of these conductors. These tools are for example described 
in US. Pat. Nos. 4,837,506 and 4,967,152. 

The photoelectric effect consists in the emission of elec 
trons by a metal under the action of light radiation. More 
generally speaking, the photoelectric effect covers several 
phenomena of interaction betWeen light and matter, in Which 
photons transfer their energy to electrons. Thus, there is the 
external photoelectric effect, also called photoemission, and 
the internal photoelectric effect that comprises 
photoconductivity, the photovoltaic effect and photo 
ioniZation. 

It results in the absorption of certain photons by the metal: 
if the energy of a photon is higher than the energy linking an 
electron to one atom of the metal, that electron may then 
leave its atomic orbital, acquiring kinetic energy and creat 
ing an electric current. 

In the photoelectric effect, the electrons are therefore 
ejected from a metal (or conductor) by the collision With 
incident photons. In fact, the electrons are kept inside the 
metal by a barrier of potential, called “Work Function” 

To enable an electron to be ejected, the energy of the 
photons must be higher than WF. For example, for copper, 
WF is approximately 4.3 eV (electron-Volts), and, as a 
result, the Wavelength of the source of coherent light must 
be shorter than 1.24/4.3 =290 nm. Shorter Wavelengths 
enable electrons to be released With non-Zero kinetic energy. 

The photoelectric effect does not depend on the intensity 
of the source of light. It can therefore be observed even for 
very loW poWer used, Which means that operation that does 
not damage the conductor can be considered. It does not 
occur at insulant level, even though ioniZation can occur 
under the action of highly energetic photons. 

The ejected electrons can be collected by a positively 
biased electrode, and the current thus created can be mea 
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2 
sured. That requires a partial vacuum, so that most of the 
electrons can reach the electrode, Without hitting too many 
air molecules. 

The poWer of the ultraviolet source, typically a laser, 
depends on the current and the charging time of the con 
ductors. For example, if a conductor has a capacitance of 
100 pF, and if this conductor is to be positively charged to 
100 V in one ms, then the corresponding current Will be: 

I=Q v/;=100><10*10/0.001=10*5 A 

The necessary poWer of the laser must be: 

P=I><Eph/E?iciency=1O’5x4.8/O.O5=mW 

assuming that 5% of the photons emitted effectively produce 
the photoelectric effect. 
NoW if the interconnection of substrates is to be checked, 

such as semi-conductor chips or printed circuits, all the 
conductors must be checked for any full or partial cut 
betWeen tWo pads that are supposed to house components, 
With regard to the theoretical model, and each conductor 
must be checked to make sure that there is no dead or partial 
short circuit With one or several other conductors. 

In previous practices (US. Pat. No. 4,967,152, for 
example), cuts are detected according to the folloWing 
principle: 
A ?ne metal grid is arranged vertically to the substrate to 

be tested. It is taken to a positive potential in relation to the 
substrate to be checked, for example in the order of 100 V. 
The ultraviolet source passing almost transparently 

through the metal grid, is directed onto the end of a 
conductor and leads to the release of electrons from the 
corresponding conductor. These electrons are then captured 
by the grid, that attracts them. A current is then collected. 
This operation is continued until the current collected 
reaches a determined threshold, Which means that the con 
ductor is then electrically charged to the value of approxi 
mately 100 V. The charging time depends, among others, on 
the conductor’s capacitance, and on the poWer of the laser. 
A conductor previously charged in this Way does not lead 

to the release of other electrons in the same conditions of 
excitation, and regardless of the place at Which its excitation 
is done. On the other hand, if it is cut someWhere, and it the 
same excitation is done on the other side of the cut, then the 
part that has not previously been charged Will emit of 
electrons in the form of a capacitance charge. 

Then, the method is repeated to test the continuity of the 
other conductors. 

HoWever, in the partial vacuum used, the conductors do 
not discharge. Thus, at the end of the test described above, 
the substrate Will be completely charged. Insofar as the laser 
source is not affected by the charge of the neighbouring 
conductors, that does not unduly disturb the photoelectric 
effect, but the electrons ejected have a tendency to go to join 
neighbouring conductors previously charged to 100 V, and 
no longer solely to the grid, Which signi?cantly alters the 
current collected by the grid, and distorts the conclusions 
draWn from the value of the currents measured, Which can 
lead to an incorrect diagnostic. 
One possible alternative is to gradually increase the 

voltage of the collection grid throughout the test, but, 
nonetheless, a loss of electrons is observed, the latter being 
collected by neighbouring conductors of potential (the last 
ones tested). Furthermore, as the number of conductors may 
be in the order of several thousands, the idea of increasing 
the potential by progressive jumps along the conductors is 
soon limited. 
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Moreover, the measurement of the resistance, an impor 
tant criterion When validating the test principle of a 
technology, is not really possible here: even Weak traces of 
conductors defectively linking the tWo portions of a single 
conductor Will have a time constant RC that is suf?ciently 
short not to be detected, While the corresponding resistance 
(high in this case) of the link should be analyZed like a real 
defect. 

Short-circuits are detected in previous practices by ?rst 
charging a given conductor, and by looking for other con 
ductors having a similar potential on the substrate, high 
lighting a physical connection With the reference conductor, 
and thus the existence of a short circuit. Here, once again, 
there is the problem of conductors discharging. 

The use of the photoelectric effect to measure short 
circuits and cuts on substrates having a large amount of 
conductors is therefore a problem. 

In more recent previous practices, a single source of light 
is typically used to carry out circuit tests, Which consider 
ably reduces productivity and therefore increases the cost of 
them. 

Contactless test systems have recently been produced. 
HoWever, these systems cannot measure loW interconnec 
tion resistances of certain substrates, such as printed circuits 
that are part of the neW generations of boxes for semi 
conductor chips, While the increasingly higher frequencies 
of this type of application require interconnection resis 
tances loWer than a threshold (typically 10 ohms or less). 
These resistances cannot be measured by the contactless test 
technologies of previous practices (electron beam test as 
described in the document US. Pat. No. 4,573,008 by using 
an electric conduction path, by creating a plasma or by using 
the simple photoelectric effect). 

In fact, none of the technologies described above enables 
a current to be circulated from one end to the other of a 

conductor, Without mechanically accessing (by touching it) 
one and/or the other of its ends, and none of them enables 
the resistance of these conductors to be measured accurately. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

The present invention aims to solve these problems. It 
also aims to charge conductors (ejection of electrons), and to 
enable these conductors to recover electrons (injection or 
absorption), and as a result, to discharge (negative evolution 
of their potential by absorption of electrons), so as to be able 
to use these tWo modes to individually check the potential of 
each conductor to be tested, and to check the conformity of 
their interconnection by the introduction of algorithms. 

These objectives are achieved by providing a method for 
establishing an electric current in a conductor, including: 
providing, opposite and proximate to the conductor, a plate 

that has a plurality of conductive Zones capable of being 
taken individually to any adjustable electric potentials, 

applying a beam of particles to a ?rst point of the conductor 
to extract electrons from it, and 

at the same time, injecting electrons at a second point of the 
conductor, producing a circulation of electric current in 
the conductor betWeen the ?rst point and the second point. 
According to a ?rst embodiment of the present invention, 

said beam of particles is a beam of light emitted by an 
ultraviolet light source, having suf?cient energy to extract 
electrons from the conductor. 

In this case, the method according to the present invention 
may include steps of: 
previously taking the conductor to a ?rst potential, 
taking a ?rst conductive Zone to the plate, located near the 

?rst point of the conductor, to a second 
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4 
prede?ned potential (V") that is higher than the ?rst 

potential, and 
taking conductive Zones that are near the ?rst Zone to a third 

potential that is loWer than the second potential, so that 
the electrons extracted from the conductor by the beam of 
light are channeled toWards the ?rst conductive Zone by 
the neighboring conductive Zones. 
According to one special feature of the present invention, 

the injection of electrons at the second point of the conductor 
includes taking a third conductive Zone of the plate, located 
near said second point, and Zones that are near them, to a 
potential that is close to the ?rst potential, then applying a 
beam of ultraviolet light to the third conductive Zone. 

For that purpose, the plate may comprise a plurality of 
conductive Zones, each of these Zones having a thickness 
such that by applying a beam of ultraviolet light to them on 
one side of the plate, they emit electrons toWards a conduc 
tor of the substrate located proximate to the other side of the 
plate. 

According to a second embodiment of the present 
invention, the injection of electrons at the second point of 
the conductor is done using a set of a plurality of microtips, 
arranged opposite said second point on the plate, and com 
prising a conductive grid that is taken to a potential higher 
than the potential applied to the microtips, to emit electrons. 

In this case, the plate may advantageously comprise a 
plurality of sets of microtips arranged in a matrix netWork on 
the plate, each set being individually controllable to emit 
electrons toWards a conductor of the substrate. 

According to a third embodiment of the present invention, 
the injection of electrons at the second point of the conductor 
is done using a network of conductive pads arranged in 
pixels in contact With an anisotropic conduction elastomer 
sheet in a perpendicular direction to said surface, said 
elastomer sheet being applied against the conductor, each 
conductive pad being capable of being individually taken to 
any adjustable potential. 
The present invention also relates to an electric test 

method of conductors arranged on an insulating substrate, 
this method comprising an initial step of arranging, opposite 
at least one side of a substrate, a plate that has, at any region 
near a conductor of the substrate, conductive Zones capable 
of being individually taken to any adjustable electric 
potentials, this method comprising a continuity test step of 
the conductors of the substrate including, for each conductor 
of the substrate, establishing a current in the conductor in 
compliance With the method de?ned above. 

In its principle, this method includes controlling individu 
ally the potential of the conductors of the substrate to be 
tested, by ejection / injection of electrons, and measuring the 
corresponding ?oWs of current. 

This test method may, in addition, include determining the 
resistance of the conductor betWeen the ?rst and the second 
point of the conductor, and comparing the resistance thus 
determined With a prede?ned threshold, a defect being 
detected if the resistance is above said threshold. 

This test method comprises advantageously an insulation 
test step of the conductors of the substrate, including; 
taking all the conductors of the substrate to a prede?ned 

potential, and 
for each conductor of the substrate, establishing a How of 

electrons from one point of the conductor toWards a ?rst 
conductive Zone of the plate, located near the point of the 
conductor, to take the conductor to a ?rst predetermined 
potential, this How being established by applying the ?rst 
potential to the ?rst conductive Zone, and a second 
prede?ned potential loWer than the ?rst potential to con 
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ductive Zones of the plate, near the ?rst Zone, and by 
applying a beam of light to that point of the conductor; 
and measuring the charging current of the conductor that 
must tend towards Zero at the end of a predetermined time 
if the conductor is insulated. 
According to one special feature of the present invention, 

if an insulation defect is detected on a conductor during the 
insulation test step, it comprises a secondary insulation test 
step of measuring the resistance betWeen the defective 
conductor and all the other conductors of the substrate. 

The present invention also relates to an electric test device 
of conductors arranged on an insulating substrate. This 
device comprises: 
at least one source of particles combined With means of 

control, to emit a beam of particles toWards any deter 
mined point of a conductor of the insulating substrate, so 
as to extract electrons from said conductor and therefore 
increase its electric potential, 

at least one plate, arranged opposite one respective side of 
the insulating substrate, and comprising conductive Zones 
at any region near the vertical of a conductor of the 
substrate 1 to be tested, 

means for injecting electrons at any determined point of a 
conductor on the insulating substrate, and 

a control and measuring station to individually take the 
conductive Zones to any adjustable electric potentials and 
to measure currents and voltages betWeen any tWo pre 
viously selected conductive Zones. 
Advantageously, the source of particles is a source of 

ultraviolet light. 
According to a ?rst embodiment, this device comprises a 

plurality of laser micro-sources arranged over the surface of 
the plate. 

Advantageously, each source of ultraviolet light is 
arranged at a distance from the plate and emits a beam the 
angle of Which is adjustable around a 90° angle in relation 
to the plane of the plate. 

According to a second embodiment, this device comprises 
a matrix netWork of sets of microtips arranged on the plate 
and individually controlled to emit electrons toWards any 
one of the conductors of the substrate. 

According to a third embodiment, this device comprises 
a netWork of conductive pads arranged in pixels in contact 
With an anisotropic conduction elastomer sheet in a perpen 
dicular direction to said surface, said elastomer sheet being 
applied against the conductor, each conductive pad being 
capable of being individually taken to any adjustable poten 
tial. 

According to one special feature of the present invention, 
the means for injecting electrons comprise a plurality of 
sources of electrons arranged according to a matrix netWork 
and individually controllable by line /column addressing. 

The control and measuring station preferably comprises 
addressing means to select the conductive Zones of the 
plates, to take to a determined potential, and from Which the 
current or the voltage is measured. 

According to one special feature of the present invention, 
this device comprises a partial vacuum chamber in Which the 
insulating substrate and each plate are 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and advantages of the 
present invention shall be presented in greater detail in the 
folloWing description of preferred embodiments of the 
present invention, given in relation With, but not limited to, 
the folloWing ?gures: 

FIG. 1 represents a substrate bearing conductive tracks, 
inserted into a test device according to a ?rst preferred 
embodiment of the present invention; 
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6 
FIG. 2 shoWs a cross-section of a test device according to 

a second preferred embodiment of the present invention; 
FIG. 3 shoWs a top vieW of the test device represented in 

FIG. 2; 
FIG. 4 shoWs a cross-section of a test device according to 

a third preferred embodiment of the present invention; 
FIG. 5 shoWs a principle used in a test device according 

to a fourth preferred embodiment of the present invention; 
FIG. 6 shoWs a cross-section of a test device according to 

the fourth preferred embodiment of the present invention; 
FIG. 7 shoWs a curve of a test current obtained in the 

device represented in FIG. 6; 
FIG. 8 shoWs a cross-section of a test device according to 

a ?fth preferred embodiment of the present invention; 
FIGS. 1 to 3 shoW a substrate 1 that has conductors 4 on 

one side, for Which the electrical access required according 
to the present invention is done at contact pads 5. The 
substrate may also comprise on its other side conductors 4‘ 
and contact pads 5‘, the conductors 4 and 4‘ of the tWo sides 
possibly being linked by metal holes 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention uses at least one source of ultra 
violet light 7, 9. It relies on a speci?c device referred to 
beloW as “discharge and collection plate” 2, 2‘, using the 
photoelectric effect by stimulation by a source of ultraviolet 
rays of light 7 or 9. 
The test device according to the present invention there 

fore comprises four main elements: 
A. at least one discharge and collection plate 2, 2‘, consti 

tuted of a substrate comprising conductive Zones 8, 10, 
totally or partially covering the substrate to be discharged, 
these conductive Zones being capable of being individu 
ally taken to any electric potentials, positive, Zero or 
negative and not necessarily identical, 

B. one or several sources of ultraviolet light 7 or 9, 
C. a partial vacuum chamber 12 (typically of 1 millitorr), 

housing the discharge and collection plates described 
above, and the substrate 1 and a frame supporting the 
assembly, 

D. a control and measuring station 11 used to count electrons 
(current measurement), to impose and to measure various 
voltages on the plates 2 and 2‘. This measuring station is 
also used through speci?c addressing to program required 
states of the various conductors of the plates 2 and 2‘, and 
to measure the required signals. 
The discharge and collection plate 2 is arranged parallel 

to the substrate 1 and opposite the side of the substrate to be 
tested Where the conductors 4 and the contact pads 5 are 
located. In the event that conductors 4‘ are also present on 
the other side of the substrate 1, a second discharge and 
collection plate 2‘ can be arranged parallel to and opposite 
this side. 

According to the present invention, a beam of ultraviolet 
light 9 ejects electrons 6 from one conductive Zone 8 of the 
discharge and collection plate 2. For that purpose, the 
thickness of each conductive Zone 8 is slightly higher than 
the skin thickness (50 to 100 of the metal layer forming 
the conductive Zone, such that on the one hand, the laser 
beam 9 does not reach the conductors 4 of the substrate 1, 
and on the other hand, a signi?cant number of electrons 
extracted from the metal layer pass through it to reach the 
targeted conductor 4. The electrons thus extracted are then 
picked up by the conductor 4 near the emission vertical. This 



US 6,859,052 B1 
7 

pick up Zone may itself be limited by creating a circulation 
lane of electrons 13, around the impact area of the beam, by 
putting the targeted conductor 4 to a positive potential in 
relation to the conductive Zone 8, and the other conductors 
4 of the substrate and the neighbouring conductive Zones 8, 
10, of the plate 2, to a negative potential. 

The discharge and collection plate 2 according to the 
present invention, is used, unlike in previous practices, both 
as a source and a local drain of electrons generated by 
photoelectric effect. 

For that purpose, it comprises: 
1. at any region near the vertical of a conductor 4 of the 

substrate 1 to be tested and on the side of it, conductive 
Zones 8 that are individually programmable to a given 
potential by the control and measuring station 11, and 
capable of being bombarded by at least one of the sources 
of light for the purpose of emitting electrons, that are 
absorbed by the required conductor 4, through a circula 
tion lane of electrons 13, provided that the potential of the 
targeted conductor 4 is higher than that of the emitting 
conductive Zone 8, 

2. at any region near the vertical of a conductor 4 of the 
substrate 1 to be tested, conductive Zones 10, 10‘ the 
potential of Which is independently adjustable to a given 
value, so as to be able to generate lanes to collect electrons 
13 and to collect electrons emitted locally by the conduc 
tors 4 of the substrate 1 through these lanes, Without any 
signi?cant loss of electrons that might have gone to join 
other neighbouring conductors. 
In other terms, the discharge and collection plate 2 is 

designed to perform the folloWing three functions: 
I. locally emit electrons toWards a given conductor 4 of the 

substrate 1 to be tested, and to measure the corresponding 
current; 

II. receive electrons from a given conductor 4 of the sub 
strate 1 to be tested, and to measure the corresponding 
current; 

III. produce circulation “lanes” of electrons 6 forcing elec 
trons emitted by the plate 2 or by the substrate 1 to folloW 
a given path, so as to control either their absorption by a 
given conductor 4 of the substrate 1, or their collection by 
a given point of the plate 2. These lanes are produced by 
programming to repellent potentials a chosen number of 
conductive Zones 10, 10‘ the geometry of Which Will 
de?ne the basis of the circulation lane 13 around the 
emission 8 or collection 10 point, this lane being estab 
lished betWeen the substrate and the plate, roughly per 
pendicular to the latter. 
The sources of ultraviolet light 7, 9 may be integrated into 

the discharge and collection plate. 
It should be noted that the direction of the beams coming 

from the sources of light 7, 9 is roughly perpendicular to the 
plane of the plate 2. HoWever, in some embodiments, 
devices may be provided that enable these beams to be 
slightly sloped into a cone the aXis of Which is the perpen 
dicular to the plate 2 at the emission point. 

The measurement by conductor charging and discharging, 
according to the present invention, can be taken in the 
folloWing Way: 

In a ?rst step, all the conductors 4 present on the substrate 
1 are discharged to a negative potential V“. A simple means 
of achieving this is to program all the conductive Zones 10 
and 8 of the plates 2 and 2‘ to this potential V“, and to 
bombard all the conductive Zones 8 With one or more 

sources of ultraviolet light, such that the corresponding 
electrons of the metal Zone 8 are ejected toWards the 
conductors 4 of the substrate 1 until all the conductors 4 
reach this potential V“. 
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8 
In a second step, When a continuity test of the equipo 

tential lines of the substrate 1 to be tested is to be conducted, 
each conductor 4 undergoes the folloWing procedure: 
I. the conductor 4 is charged by bombardment by the source 

of ultraviolet light 7, some conductive Zones 10c (hatched 
on FIG. 3) of the plate 2, on the periphery of the vertical 
of the conductive pad C at one end of the conductor 4, 
previously being programmed to the value V", thus cre 
ating a circulation lane of electrons 13. This results in the 
migration of electrons from the conductor 4 toWards these 
conductive Zones 10c and therefore in the start of the 
charging of the conductor 4 the potential of Which rises; 

II. at the same time, the conductor 4 is discharged near the 
pad B at another end of the conductor 4, by the injection 
of electrons by applying the source of ultraviolet light 9 
to a conductive Zone 8b of the plate 2, near the vertical of 
the pad B: as the conductor 4 is, at the same time, charged 
at another point, its potential must be higher than V", if it 
does not have any cuts. 
The result is a How of electrons from B toWards C in the 

conductor 4, and therefore the circulation of a current I from 
C toWards B in this conductor. This current is, in particular, 
a function f(R) of the resistance of the conductor betWeen B 
and C. The continuity of the conductor is determined if this 
resistance is loWer than a prede?ned threshold. 
The current thus obtained is in the order of a feW tens of 

pA (up to approximately one hundred pA) for an accelera 
tion voltage of the electrons betWeen 10 and 50 V. 

Thus, on FIG. 3 Which shoWs a top vieW of the discharge 
and collection plate 2, With conductors 4 and 4‘ shoWing 
through it, the bombardment of the conductive Zone 8b by 
the micro-source 9b leads to the appearance of electrons at 
the point B of the conductor 4 charged positively by the 
bombardment of the conductor 4 at the point C by the source 
7, Which causes the circulation of a current I in the conductor 
4 of the substrate 1, and therefore enables the conformity of 
the resistance to be measured from one point to another of 
the conductor 4 (continuity test). The four conductive Zones 
10c for this measurement are programmed to a positive 
potential V", enabling electrons to be collected toWards the 
control and measuring station 11, the other neighbouring 
conductive Zones 10 being, on the other hand, programmed 
to a negative potential V“, along With the conductive Zones 
8, Which enables the electrons to be pushed back toWards the 
only eXits possible that are the sources 10c. 

In a third step, When an insulation test is to be conducted, 
each conductor 4 undergoes the folloWing procedure: 
I. the conductor 4 is charged to a potential V+by bombard 

ment by the source of ultraviolet light 7, the conductive 
Zones 10 of the plate 2, on the periphery of the vertical of 
the point C‘, having previously been taken to the potential 
A, While the others are taken to the potential V‘. The 
result is the migration of the electrons from the conductor 
4 toWards the conductive Zones 10 through a circulation 
lane 13; 

II. if the charging current does not approach Zero at the end 
of a given time (at the end of a certain time, the potential 
of the conductor 4, if it is insulated, must approach V+), 
that means that there is a leak of electrons toWards other 
conductors. This leak can be measured (residual current 
I), Which enables the value of the leak resistance to be 
determined R=(V+—V_)/I. 
The second and third steps are thus repeated for each 

conductor 4, 4‘ of the substrate 1 to be tested. 
The distance betWeen the substrate 1 and the plate 2 is not 

critical, as the acceleration energy of the electrons due to the 
potential difference (voltage drop) is independent of the 
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distance between the tWo electrodes. On the other hand, it is 
partly de?ned by the embodiment chosen. 

If an insulation defect is detected on a conductor during 
the insulation test step, a secondary insulation test step can 
be performed including measuring the resistance betWeen 
the defective conductor and all the other conductors 4 of the 
substrate, so as to accurately locate betWeen Which conduc 
tors 4 the insulation defect is located. 

According to a ?rst embodiment of the present invention, 
shoWn in FIG. 3, the discharge and collection plate 2 is 
constituted by the juxtaposition of micro-sources of ultra 
violet light 7, 9, and by conductive Zones 10 the potential of 
Which can be adjusted independently, some of these micro 
sources 9b being covered With a ?ne layer of metal plate 8, 
the emission of the micro-source onto this plate causing the 
emission of electrons. This ?ne layer of metal plate has a 
thickness in the order of 150 Angstroms, While the electrons, 
as part of the photoelectric effect, penetrate into the metal to 
a depth of approximately 50 to 100 Angstroms. 

These micro-sources can be organised in a matrix accord 
ing to a ?ne pitch, for example in the order of 0.1 mm, i.e. 
several million laser micro-sources if the useful test surface 
areas are of approximately 300x200 mm. 

It Will be understood that the conductive Zones 10 and the 
metal plate Zones 8 can be identical. 
TWo plates 2, 2‘ can be used, on either side of the substrate 

1 (FIG. 2). 
The emissions by the sources of ultraviolet light can be 

done at an angle that is different by 90 degrees to the plate 
2, the value of this angle being programmable. Thus the 
required number of sources can be reduced, or the test 
resolution increased. In fact, this number can be reduced to 
one or tWo sources 17 on one side or on each side of the 

substrate (FIG. 4), depending on the con?guration of the 
conductive tracks 4, 4‘ to be tested. In this case, the sources 
of light are placed at a distance from the plate 2, so as to be 
able to light up the Whole substrate through the plate 2, under 
an angle of incidence that is preferably beloW 20°. 

The sources of ultraviolet light are for example of the 
laser type YAG UV using the 4th harmonic component at 266 
nm, emitting With a pulsed poWer in the order of 27 mW. 

The plates 2, 2‘ are advantageously produced With a 
material that is transparent to ultraviolet radiation, such as 
silica for example. 

It Will be understood that the conductive pads 8, 10 of the 
discharge and collection plates can be identical and used 
both to collect and to emit electrons depending on the value 
of the potential applied thereto. 

Alternatively, by means of a feW arrangements, one or 
more sets of microtips can be used as sources of electrons 
enabling a beam of electrons to be emitted, instead of laser 
sources using the photoelectric effect. 
On FIG. 5, these sets of microtips comprise, 

conventionally, ?ne silicon points 24 produced on a medium 
23, and a metal grid 22 With holes near the tops of these 
microtips. If a voltage is applied to this grid that is higher 
than that of the points, that causes, by tunnelling effect or tip 
effect, the emission of electrons to Which kinetic energy is 
supplied. As these electrons have crossed the potential 
barrier of the points, they are therefore free to move in the 
space. These electrons are then gathered by an anode 21, that 
is typically a conductor. In the present invention, this 
conductor corresponds to the metal tracks 4, 4‘ of the printed 
circuit to be tested, that can therefore be supplied With 
electrons Without contact. 
By comparison With the thermionic effect (incandescent 

lamp) this device can be referred to as a “cold cathode ”. 
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10 
These sets have been designed to produce ?at screens in 

Which a ?uorescent screen is bombarded by the electrons 
emitted by the microtips. 

Unlike the microtips used in ?at screens, the present 
invention suggests using these microtips in a normal polari 
sation mode. 

Such sets can be manufactured in dimensions compatible 
With those of the circuits to be tested. 

HoWever, it should be noted that like in the case of 
matrices of laser micro-sources, a very dense spatial multi 
plexing system is required, i.e. using line/column multiplex 
ing to individually control each micro-source or each set of 
microtips. 
The dimension of the microtips is close to the micron and 

they are manufactured according to techniques of semi 
conductors. Therefore, several thousand of these microtips 
can be produced in a pattern of 100x100 pm. These patterns 
can be draWn on surfaces that are as large as 500x500 mm. 
The medium 23 can be silica, a material that is transparent 
to UV radiation. The test device that combines according to 
one embodiment of the present invention the photoelectric 
effect and microtips is particularly suited to testing circuits 
bearing semi-conductor chips, commonly referred to as 
“chip carriers”. In fact, it is a small printed circuit (typically 
35 mm><35 mm) With a special geometry, very dense, 
produced With advanced technologies in the ?eld of sub 
strate manufacturing. In this circuit represented in FIG. 6, 
the equipotential lines have tWo test points 4, 4‘ intercon 
nected by a conductor 29, one 4‘ formed on the bottom side 
With a very ?ne pitch, and the other 4 on the top side With 
a larger pitch, betWeen 0.25 mm and more than 0.5 mm. 
The chip carriers are in the form of bands typically f a 

length of 150 mm. The useful test surface is therefore 
200x200 mm maximum. 

In vieW of these remarks, it is possible to consider the 
description of a contactless test device With a simpli?ed 
architecture to test “chip carriers”. 

In FIG. 6, the test device comprises on a surface for 
example in the order of 200 mm><200 mm, a netWork of sets 
28 of microtips, arranged on the plate 2 according to a matrix 
con?guration, for example With a pitch of 100 pm, the test 
points being arranged With a pitch of 200 pm. 

The sets of microtips can be arranged such that their feed 
current is common to them all, and that the control of grid 
30 (multiplexed according to a line/column principle accord 
ing to the standard technology used for microtips) is suf? 
cient to make them active: it is therefore not necessary to 
multiplex either the collectors (one per side is suf?cient), or 
the microtips: the measuring circuit is therefore basic and 
easy to implement. 
The measurement of the continuity resistance is for 

example conducted by studying the transient of the charge of 
a large capacitance C: the slope of the charge gives the 
resistance sought. 
The insulation test can be conducted according to the 

folloWing method: 
In a ?rst step, all the equipotential lines of one side are 

bombarded (charged) by the microtips, that are all put to the 
same potential that can be measured on the other side, on the 
points 4‘ by photoelectric effect using an ultraviolet laser 
beam 27. For that purpose, a given voltage is applied to the 
collector 2‘, and, using short pulses of light, the electrode 26 
is regularly checked to make sure it no longer collects 
electrons. At that time, the potential of the tested pad is the 
(knoWn) potential of the collector 2‘. It is then possible to 
quickly check that all the tracks are at this potential, by 
bombarding them in turn, until the plate 2 no longer collects 
electrons. Thus, a potential reference is established for all 
the pads. 
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It should be noted that this step can be conducted at the 
same time on a second circuit, after discharging its 
predecessor, While the ?rst circuit is being tested. 

Then, a pad 4‘ is locally discharged by photoelectric effect 
(the potential of the collector 2‘ is raised by 40 V for 
example). Once the pad is discharged, the evolution of its 
potential is observed for a feW us, then it is bombarded again 
to see if electrons are recovered. If its potential progresses 
Without bombarding the pad, that reveals a leak of electrons, 
and therefore an insulation problem. 

In a secondary step, the defective resistance can be 
measured, by sWeeping all the pads, according to the real 
measuring method of resistance described above for the 
continuity. 

Then the pad 4 is recharged by controlling the set of 
microtips located opposite the pad 4‘ to Which it is linked and 
the operations described above are repeated for another 
conductor 29. 

FIG. 7 shoWs an example of a current curve giving the 
mean value of the current measured as a function of the 
acceleration voltage of electrons (grid voltage 22), When a 
circuit is established combining a link by photoelectric effect 
and a link by microtip effect, the voltage V of the microtips 
being kept constant at 48 V. This curve shoWs that there is 
an optimum voltage close to 54 Volts, for Which the mean 
value of the current can reach 200 pico-amperes (pA), While 
the current in peak value can reach much higher values. 

This curve proves that it is possible to cause a current to 
circulate in a conductor Without contact thereWith. It is also 
possible to consider amplifying the current by any appro 
priate means. 

It Will be understood that this test method can be applied 
to any circuits in Which the equipotential lines can have 
terminations on any side of the circuit. For that purpose, one 
netWork of sets of microtips is suf?cient and at least one 
ultraviolet laser source, opposite each side of the circuit, 
Which is made possible by the fact that the matrices of 
microtips can be formed on a silica substrate that is trans 
parent to ultraviolet radiation. 

In one preferred variation of the present invention, rep 
resented in FIG. 8, the netWork of sets of microtips is 
replaced by a netWork of conductive pads 33 arranged in 
pixels With a pitch in the order of 100 pm. The connection 
of this netWork to the conductors 4, 4‘ of the substrate, is 
achieved by an anisotropic conduction elastomer sheet 34, 
like the one manufactured by the Japanese company Japan 
Synthetic Rubber. This sheet 34 comprises conductive par 
ticles 35 that are embedded in the elastomer, such that When 
it is compressed, the particles touch each other and conduct 
in a direction perpendicular to the plane of the netWork of 
conductors 33. The pixels of the netWork of conductive pads 
are individually programmable in voltage by line / column 
multiplexing. 

This netWork of conductors is particularly suited to testing 
“chip carriers”. In fact, the pitch of the pixels enables the test 
points that are arranged according to a pitch of 150 to 200 
pm to be individually accessed. On the other side of the 
“chip carrier”, the contact pads are discharged by photo 
electric effect, by means of an ultraviolet laser source that 
emits a beam 27 onto a selected contact pad 4‘, the electrons 
thus extracted being gathered by a collection plate 2‘ pro 
vided With conductive pads 32 for that purpose. 

To conduct a continuity test of the conductor 29 of the 
“chip carrier”, the conductive sheet 33 of the netWork of 
conductors is taken to a negative potential that is transmitted 
to the conductors 4 of the “chip carrier” by the elastomer 34. 
Then, the contact pads 4‘ located on the other side of the 

12 
“chip carrier” just need to be tested one after the other using 
the laser beam 27. If the contact pad 4‘ is linked by a 
conductor 29 to a conductor 4, a current Ia is established 
betWeen the conductor 4 and the conductive sheet 33, and lb 

5 betWeen the pads 4‘ and 32. The measurement of this current 
enables the continuity resistance of the conductor 29 to be 
determined betWeen the pads 4 and 4‘. 

To conduct an insulation test, all the pixels of the netWork 
of conductors 33 are taken to a negative potential except 
those near the pad 4 to be tested. Then the pad 4‘ opposite 
on the bottom side is charged With the laser beam 27, until 
its potential reaches a given positive value that is that of the 
collector 32. AfeW microseconds later, the laser beam is sent 
onto this pad 4‘ again. If electrons are gathered by the 
collector 32 (if a current passes betWeen the netWork of 
conductors 33 and the collector 32), that means that a 
migration of electrons has occurred from other tracks 
toWards the tested track, and that there is therefore an 
insulation defect. A global leak resistance can be determined 
from the charging time of the conductor and from the surface 
area thereof. 

Similarly, a local leak resistance can be determined by 
measuring the resistance betWeen the track tested and each 
of the other tracks of the substrate to be tested. 
The possibility of controlling the charging and discharg 

ing of a given conductor that is among others on a substrate, 
such as a printed circuit, leads to the possibility of checking 
the quality of the interconnection, or in other terms testing 
it, even for the most complex substrates, Without mechanical 
contact, Without speci?c tools, at processing speeds that are 
compatible With production requirements, at much loWer 
costs than those currently incurred, Which makes this appli 
cation very interesting from an industrial point of vieW, to 
test bare circuits, such as printed circuits for cellular 
telephones, circuits equipped With components, and certain 
applications in the ?eld of the semi-conductor for Which the 
possibility of measuring either the potential, or the 
frequency, or measuring or injecting electric currents is an 
advantage. Indeed, it is possible, With the method described 
as part of this invention, since it enables the evolution of the 
potential of a conductor to be accurately monitored, to 
determine the form of the corresponding signal, and there 
fore its frequency if it is an alternative signal. This property 
could therefore be used for the functional test of cards 
equipped With components, consisting, for example, in 
examining the response of certain signals in relation to a 
given stimulus. 
What is claimed is: 
1. A method for establishing an electric current in a 

conductor betWeen a ?rst point of the conductor and a 
second point of the conductor that is different from the ?rst 
point, the method comprising: 

providing, proximate to the conductor, a plate that has a 
plurality of conductive Zones capable of being indi 
vidually adjusted to any electric potential, and such the 
at least one conductive Zone is located opposite to the 

conductor, 
applying a beam of particles to the ?rst point of the 

conductor to extract electrons from it, Without any 
physical contact With the conductor, the extracted elec 
trons being received by said conductive Zone located 
opposite to the conductor, and 

at the same time, injecting electrons at the second point of 
the conductor, producing a circulation of electric cur 
rent in the conductor betWeen the ?rst point and the 
second point. 

2. The method according to claim 1, Wherein said beam of 
particles is a beam of light emitted by an ultraviolet light 
source, having suf?cient energy to extract electrons from the 
conductor. 
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3. The method according to claim 1, further comprising 
the steps of: 

taking the conductor to a ?rst potential, 
taking a ?rst conductive Zone of the plate, located near the 

?rst point of the conductor, to a second prede?ned 
potential that is higher than the ?rst potential, and 

taking conductive Zones that are near the ?rst conductive 
Zone to a third potential that is loWer than the second 
potential, so that the electrons extracted from the con 
ductor by the beam of particles are channeled toWards 
the ?rst conductive Zone by these neighboring conduc 
tive Zones. 

4. The method according to claim 3, Wherein the injection 
of electrons at the second point of the conductor includes 
taking a third conductive Zone of the plate, located near said 
second point, and Zones that are near the third conductive 
Zone, to a potential that is close to the ?rst potential, then 
applying a beam of particles to the third conductive Zone. 

5. The method according to claim 1, Wherein the injection 
of electrons at the second point of the conductor is per 
formed using the plate Without any physical contact With the 
conductor, the method comprising the step of applying a 
beam of particles to one of said conductive Zones including 
a metal layer having a thickness such that electrons are 
emitted When a beam of particles is received, the conductive 
Zone being located opposite to the second point of the 
conductor such that the conductive Zone emits electrons 
toWards the second point of the conductor. 

6. The method according to claim 3, Wherein the injection 
of electrons at the second point of the conductor is per 
formed using sets of microtips, arranged opposite said 
second point of the conductor, and using a conductive grid 
and applying a potential to the grid that is higher than a 
predetermined potential applied to the microtips. 

7. The method according to claim 6, Wherein the sets of 
microtips are arranged in a matrix netWork on the plate, each 
set being individually controllable to emit electrons toWards 
one of a plurality of conductors on a substrate. 

8. The method according to claim 3, Wherein the injection 
of electrons at the second point of the conductor is per 
formed using a netWork of conductive pads arranged in 
pixels, each conductive pad being capable of being indi 
vidually adjusted to any potential, and an anisotropic con 
duction elastomer sheet comprising conductive particles that 
are embedded in the elastomer sheet, such that the conduc 
tive particles touch each other and conduct in a direction that 
is perpendicular to the plane of the conductor When the 
elastomer sheet is pressed against the netWork of conductive 
pads. 

9. An electric test method of a plurality of conductors 
arranged on an insulating substrate, comprising an initial 
step of arranging, opposite at least one side of the substrate, 
a plate that has, near each conductor of the substrate, 
conductive Zones capable of being individually adjusted to 
any electric potential, the method further comprising: 

a continuity test step of the conductors of the substrate 
including, for each conductor of the substrate, estab 
lishing a current in the conductor betWeen a ?rst point 
of the conductor and a second point of the conductor 
that is different from the ?rst point by providing, 
proximate to the conductor, a plate that has a plurality 
of conductive Zones capable of being individually 
adjusted to any electric potential, and such that at least 
one conductive Zone is located opposite to the 
conductor, applying a beam of particles to the ?rst point 
of the conductor to extract electrons from it Without any 
physical contact With the conductor, the extracted elec 
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14 
trons being received by said conductive Zone located 
opposite to the conductor, and at the same time, inject 
ing electrons at the second point of the conductor, 
producing a circulation of electric current in the con 
ductor betWeen the ?rst point and the second point and 
measuring the cat thus established. 

10. The test jest method according to claim 9, further 
including the step of determining the resistance of the 
conductor betWeen the ?rst and the second point of the 
conductor, and comparing the resistance thus determined 
With a prede?ned threshold, a defect being detected if the 
resistance is above said threshold. 

11. The test method according to claim 9, further includ 
ing an insulation test step of the conductors of the substrate, 
including: 

taking all the conductors of the substrate to a prede?ned 
potential, and 

for each conductor of the substrate, establishing a How of 
electrons from the ?rst point of the conductor toWards 
a ?st conductive Zone of the plate, located near the 
point of the conductor, to take the conductor to a ?rst 
predetermined potential, the How being established by 
apply the ?rst potential to the ?rst conductive Zone, and 
a second prede?ned potential loWer than the ?st poten 
tial to conductive Zone, near the ?rst Zone, and by 
applying a beam of particles to the ?rst point of the 
conductor, and measuring the charging current of the 
conductor that tends toWards Zero at the end of a 
predetermined time if the conductor is insulated. 

12. The test method according to claim 11, Wherein, if an 
insulation defect is detected on a conductor during the 
insulation test step, a secondary insulation test step of 
measuring the resistance betWeen the defective conductor 
and all the other conductors of the substrate is performed. 

13. An electric test device of conductors arranged on an 
insulating substrate, comprising: 

at least one source of particles, to emit a beam of particles 
toWards a ?rst point of a selected conductor, so as to t 
electrons from said selected conductor therefore 
increase the electric potential of said selected 
conductor, 

at least one plate, arranged opposite to one respective side 
of the insulating substrate, and comprising ?t conduc 
tive Zones, said ?rst conductive Zones being capable of 
being individually adjusted to any electric potential so 
that a selected one of the ?rst conductive Zones located 
opposite the ?rst point of the selected conductor can 
receive the extracted electrons Without any physical 
contact betWeen the plate and the selected conductor, 

means for injecting electrons at any determined second 
point of the selected conductor on the insulating sub 
strate simultaneous to the electron extraction from said 
selected conductor, the second point being different 
from the ?rst point, and 

a control and measuring station to individually adjust the 
conductive Zones to any electric potential and to mea 
sure currents and voltages betWeen a selected tWo 
conductive Zones. 

14. The electric test device Wise according to claim 13, 
Wherein the source of particles is a source of ultraviolet 
light. 

15. The electric test device according to claim 13, Wherein 
the plate further includes second conductive Zones, and 
further including means for 

taking the selected conductor to a ?rst potential, 
taking the selected one of the ?rst conductive Zones of the 

plate to a second prede?ned potential that is greater 
than the ?st potential, and 
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taking a selected plurality of the second conductive Zones 
that are near to the selected one of the ?rst conductive 
Zones to a third potential loWer than the second 
potential, so that the electrons from the conductor by 
the beam of particles are channeled toWards the ?rst 
conductive Zone by the selected plurality of the second 
conductive Zone. 

16. The electric test device according to claim 13, Wherein 
the means for injecting electrons comprise the conductive 
Zones arranged on said plate and Wherein the conductive 
Zones comprise a thickness of metal such that electrons are 
emitted When a beam of particles is received. 

17. The electric test device according to claim 13, Wherein 
the source of particles comprises a plurality of laser micro 
sources arranged over the surface of the plate. 

18. The electric test device Bee according to claim 17, 
Wherein each laser micro-source is arranged at a distance 
from the plate and emits a light beam, the angle of Which is 
adjustable around a 90° angle in relation to the plane of the 
plate. 

19. The electric test devices according to claim 13, 
Wherein the means for injecting elects comprises a matrix 
netWork of sets of microtips individually controlled to emit 
electrons. 
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20. The electric test device according to claim 13, Wherein 

the means for injecting electrons comprises a netWork of 
conductive pads arranged in pixels, and an anisotropic 
conduction elastomer sheet in a perpendicular direction to 
said surface, said elastomer sheet being applied against the 
conductor, each conductive pad being capable of being 
individually taken to any adjustable potential. 

21. The electric test device according to claim 13, Wherein 
the means for injecting electrons comprise a plurality of 
sources of electrons arranged to a matriX netWork and 
individually controllable by line/column addressing. 

22. The electric test device according to claim 13, Wherein 
the control and measuring station comprises addressing 
means to select the conductive Zones of the plates, to take to 
a determined potential, and from Which the current or the 
voltage is measured. 

23. The electric test device according to claim 13, further 
comprising a partial vacuum chamber in Which the insulat 
ing substrate and each plate are arranged. 
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